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(54) Thermoplastic foam with an integral skin, container and shock absorbing material made 
from the same 



(57) Disclosed herein is a skin-bearing expansion- 
molded article of a thermoplastic resin, which is formed 
by holding a cylindrical multi-layer foamed parison com- 
prising a foamed thermoplastic resin layer and therrrio- 
plastic polymer layers situated on both outer and inner 
sides of the foamed layer in a mold to compression- 
mold it. wherein the molded article has a skin fomrted of 
the outer-side polymer layer of the multi-layer foamed 
parison on the surface thereof, and on the inner side of 
the skin, a core formed by fusion-bonding at least a part 
of the inner-side polymer layer of the multi-layer foamed 
parison to each other and a foam formed of the foamed 
layer of the multi-layer foamed parison. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001] The present invention relates to a skin-bearing expansion-molded article of a thermoplastic resin, which has 
a skin fomried of a thermoplastic polymer, contains a foam on the inner side of the skin and is used as. for example, a 
light-weight heat insulating panel utilized for a floor, door or the like, a pallet, a container, an automotive member, or the 
10 like. 

Description of the Background Art: 

[0002] Skin-bearing expansion-molded articles of a themioplastfe resin, which are obtained by fonning a skin com- 
15 posed of a thermoplastic resin on the surface of a themnoplastlc resin foam and have various shapes, have heretofore 
been publicly known. For example, as a process for obtaining such a skin-bearing expansion-molded article, it is pub- 
licly known a process in which a molded product of a hollow structure is formed from a non-foamed synthette resin, and 
a polyurethane foam or foamed beads are then poured and filled into the cavity within the molded article (Japanese Pat- 
ent Publication No. 1 021 7/1 983, Japanese Patent Application Laid-Open No. 339979/1 994, etc). However, this process 
20 has involved problems that the production process of the skin-bearing expansion-molded article becomes complicated, 
and a special molding machine is required, since a step of forming the skin and a step of forming the expansion-molded 
article are separately conducted. It has hence been drffteultto provide the skin-bearing expansion-molded article on the 
cheap. 

[0003] There has also been proposed a process in which a cylindrical multi-layer foamed parison with a non- 
25 foamed resin layer provided on the outer side of a foamed resin layer is molded while compressing it in a mold to cause 
the foamed layer on the inner side of the parison to be fusion-bonded to each other, thereby obtaining a skin-bearing 
expansion-molded article (Japanese Patent Publication No. 27978/1987, Japanese Patent Application Laid-Open No. 
31 2449/1 994, etc.). According to this process, the sidn-bearing expansion-molded article can be obtained without pass- 
ing through a complicated process. However, the molded article tends to cause cell collapse of the foam and fonnation 
30 of open cells at the fusion-bonded surface because the foamed layer of the multi-layer parison is caused to be directly 
fusion-bonded. As a result, the expansion-molded article has had a possibility that problems such as shrinkage and 
deformation of the molded article may arise. In particular, when the density of the foamed layer making up the multi- 
layer parison is made low, the above-described problems are easy to arise to a particularly marked extend. Therefore, 
this process has involved a problem that it is hard to provide any skin-bearing expansion-molded article which is light- 
35 weight and has excellent properties. 

SUMMARY OF THE INVENTION 

[0004] The present invention has been completed in view of the above-described problems involved in the prior art, 
40 and has as its object the provision of a skin-bearing expansion-molded article of a thermoplastic resin, which can be 
produced by a simple process and is excellent in lightweight property, mechanical strength, heat insulating property, 
cushioning property, damping property, appearance, etc. 

[0005] According to the present invention, there is thus provided a skin-bearing expansion-molded article of a ther- 
moplastic resin, which is fonned by holding a cylindrical multi-layer foamed parison comprising a foamed thermoplastic 

45 resin layer and themioplastic polymer layers situated on botli outer and inner sides of the foamed layer in a mold to 
compression-mold it, wherein the molded article has a skin formed of the outer-side polymer layer of the mufti-layer 
foamed parison on the surface thereof, and on the inner side of the skin, a core formed by fusion-bonding at least a part 
of the inner-side polymer layer of the multi-layer foamed parison to each other and a foam fonned of the foamed layer 
of the multi-layer foamed parison. 

so [0006] The expansion-molded article according to the present invention may include a molded article having a skin 
thickness of 1 00 pm to 1 0 mm and a core thickness of at least 1 00 fim. The expansion-molded article according to the 
present invention may also include a molded article having a density of 20 to 800 kg/m^. In the expansion-molded arti- 
cle according to the present invention, the core fomned by fusion-bonding at least a part of the inner-side polymer layer 
of the multi-layer foamed parison to each other may have a void portion at which the inner-side polymer layer has not 

55 been fusion-bonded to each other, and the area ratio of the fusion-bonded portion in the core may preferably be at least 
25%, more preferably at least 60%, particularly preferably 80 to 100%. The skin-bearing expansion -molded article 
according to the present invention may further include a molded article the foam, skin and core of which are each 
fonned of a polyolefin resin. In particular, the foam, skin and core may preferably be each fomned of a polypropylene 
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resin having a melt tension of 5 to 30 cN. The expansion-molded article according to the present invention may still fur- 
ther include a molded article the thermoplastic polymer forming the skin of which is at least one selected from ahiong 
olefin elastomers, styrene elastomers and high-impact polystyrene. 

[0007] According to the present Invention, there is also provided a container formed of the skin-bearing expansion- 
5 molded article of the thermoplastic resin described above and having a density of 30 to 400 kg/m^, a skin thickness of 
200 ^m to 3 mm and a core thickness of at least 1 00 fxm. 

[0008] According to the present invention, there is further provided a shock-absorbing material for automobile 
formed of the skin-bearing expansion-molded article of the thermoplastic resin described above and having a density 
of 25 to 300 kg/m^, a skin thickness of 200 pjn to 7 mm and a core thickness of at least 200 ^im. 
10 [0009] According to the present invention, there Is still further provided a structural member for automobile formed 
of the skin-bearing expansion-molded article of the thermoplastic resin described above. The structural member for 
automobile may be a member selected from among a bumper, pillar, instrument panel, spoiler, fender, side step, door 
trim, grille guard and trunk board. 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The above and other objects, features and advantages of the present invention will become apparent from 
the following description and the appended claims, taken in conjunction with the accompanying drawings, in which: 

20 Figs. 1 A and 1 B illustrate an example of the skin-bearing expansion-molded article according to the present inven- 
tion, Fig. 1 A is a perspective view of the appearance thereof, and Fig. 1 B is a cross-sectional view taken along line 
B-BinFig. 1A. 

Fig. 2 illustrates a multi-layer foamed parison. 

Figs. 3 and 4 illustrate how to produce the skin-bearing expansion-molded article. 
25 Fig. 5 is a cross-sectional view illustrating a skin-bearing expansion-molded article according to an embodiment of 
the present invention. 

Fig. 6 is a cross-sectional view illustrating a skin-bearing expansion-molded article according to another embodi- 
ment of the present invention. 

Fig, 7 is a cross-sectional view illustrating a skin-bearing expansion-molded article according to a further embodi- 
30 ment of the present invention. 

Fig. 8 is a cross-sectional view illustrating a skin-bearing expansion-molded article according to a stili further 
embodiment of the present invention. 

. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

35 

[0011] Figs. 1A and 1B illustrate an example of the skin-bearing expansion-molded article 1 of the thermoplastic 
resin (hereinafter may be referred to as the "skin-bearing expansion-molded article" simply) according to the present 
invention. As illustrated in Figs. 1 A and 1 B, the skin-bearing expansion-molded article 1 according to the present inven- 
tion has a skin 2, and a core 3 and a foam 4 in the interior of the skin 2. Incidentally, in Fig. IB, reference numeral 5 

40 indicates a void portion. The skin-bearing expansion-molded article 1 according to the present invention is obtained by 
holding a cylindrical multi-layer foamed parison 6 (hereinafter may be refen-ed to as the "multi-layer parison" or "parison" 
simply) composed of a foamed thermoplastic resin layer 7, an outer-side thermoplastic polymer layer 8 provided on the 
outer side of the foamed layer 7 and an inner-side thermoplastic polymer layer 9 provided on the inner side of the 
foamed layer 7 and having a hollow portion 1 0 as illustrated In Fig. 2 in a moid to compression-mold it Incidentally, the 

45 terni "parison" as used in the present Invention means a tubular or any other hollow plastic fomned or molded article 
obtained by extrusion, injection molding or the like and such that used in molding such as blow molding. The outer-side 
polymer layer 8 and the inner-side polymer layer 9 are preferably formed of a non-foamed polymer or a foamed polymer 
having a density of at least 0.4 g/cm^. An inorganic substance may be contained in these polymer layers to Improve 
their stiffness, heat resistance, flame retardant and the like. 

50 [001 2] The skin 2 of the skin-bearing expansion-molded article 1 according to the present Invention con-esponds to 
the outer-side polymer layer 8 of the multi-layer parison 6, and the core 3 corresponds to the inner-side polymer layer 
9 of the multi-layer parison 6. Examples of thermoplastic polymers used in the outer-side polymer layer 8 and the inner- 
side polymer layer 9 of the parison 6 Include polyethylene resins such as low density polyethylene (LDPE), high density 
polyethylene (HOPE), linear low density polyethylene (LLDPE); polypropylene resins such as homopolypropylene, eth- 

55 yiene-propylene random copolymers, ethylene-propylene block copolymers, butene-propylene random copolymers, 
butene-propylene block copolymers and ethylene-butene-propylene random terpolymers; another polyolefin resins 
such as cyclic poiyolefins; polystyrene resins such as polystyrene, high-impact polystyrene and acrylonitrile-butadiene- 
styrene terpolymers; polycarbonate resins; acrylic resins; methacryiic resins; polyester resins; polyvinyl chloride resins; 
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ethylene-vinylacetate copolymer; polyamlde resins; acrylonitrile resins; styrene elastomers; olefin elastomers: ure- 
thane elastomeis; and polyester elastomers. These polymers may be used in combination. 

[0013] Examples of thermoplastic resins used in the foamed themioplastlc resin layer J"de pofye thylene resms 
ITh L low density polyethylene (LDPE). high density polyethylene (HDPE). linear low densrty polyethylene (LLDPE) 
5 pot^Pytene resins'such^ homopo^ropylene. ethylene-propylene random '=°P°'y'"«'«' ^^^^f "^.^^^^^^^ 

SZers. butene-propylene random copolymers, butene-propylene block copo^mers and «<*Vlene-butene- p^^^^^ 
TneTdom terpolyrSersT another polyolefin resins such as cyclic polyoleflns; polystyrene resins such as PO ystyrene. 
Sigh-Tmpa^poJs?rene and acrylonitrile- butadiene-styrene terpolymers; polycarbonate resins; ^^n;:,,?^^ = 
aSlteresins: polyester resins; potyvinyl chloride resins; ethylene-vinylacetate copolymers; polyam.de resins, and aery- 
in innitrilp resins These resins may be used in combination. . u *. 

In pai^JcTaMhe o^^^^^^^^^ po^mer layer 8 and the inner-side polymer layer 9 are prefemb^ formed with a poffSj/«ne 
r^TShylene resin or po^ropylene resin, which has a melt tension of 5 to 30 cN. since a molded article having 
L?i£C^^^^ can be p!^vid?d. Incidentally, the foam, skin and core are preferably composed of the same kind 
m Sg recycling and bonding properties into account. The melt tension (Mp of *e potypmpylene ^esm ^e 
,5 measured for exJnple according to a melttension tester Model II. made by Toyo Seiki Seisaku-Sho Ltd^and the hka 
More paLlarly. a mek tension tester having an orifice with an or«ice diameter of 2.095 mm an^ a len^h of 8 n.m 
used and a resin is extruded frwn the orifice in the form of a string under condrtions of a resm temperature of 230 C 
and a ^on sp^ed of 10 mm/minute. This string-shaped material Is wound about a tension dete^ng Pu'^Y having a 
dieter of 45 mm and taken up by means of a take-up roller with a diameter of 50 mm wNe gradually ncreasing the 
take-up speed at a rate of 5 r.p.m./second (take-up acceleration rate of the stnng: 1 .3 x 10 m/second . 
Soi4] in the invention, in orderto detemiine the melt tension (MT). the take-up rate f J"^'' 
shaped material on the tension-detecting pulley Is broken to obtain a take-up rate R (r.p.m.) at wlll^^^l 
ken Next the take-up operation is repeated at a constant take-up rate of R x 0.7 (r.p.m.). during whu^h the melt tenswn 
M^) of i'e ^ring. which'is detected by means of a detector connected to the tension detect ng pulley. ^^^^^^ ^ 
25 a funSon of time followed by depiction of MT (gf) along the ordinate and the time (second) along the abscissa, thus 
obliJng a gm^h 10 chart The MT in the invention is detemiined as a median of the ar^pludes at a Port-n wh^^^^^^^^^^^ 

^pldes Lome stable. It will be noted that where the string Is not broken even when the ^al^-uP rate je^^^^^^^ 
Srpm).avalue. Which is obtained atatake-up rate of 500 (r.p.m.). is defined as the melt tension (MT) of the string. 

It will also be noted that a specifte amplitude which unusually occurs is neglected. wnh 
so 00151 -me outer-side polymer layer 8 is preferably formed with an olefin elastomer, styrene elastomer or h.gh- 
mpact polystyrene, since the impact resistance of the resulting molded article is improved. .^wu. ^„ 

S incidentklly. the outer-side po^rmer layer 8 may also be fomied with a mixture obtained by suitably corn- 
Sing various addLes such as a foam stabilizer, an infrared absorber, an infrared reflecting agent a flame retard- 
ant a ZS?y improver, a weathering stabilize, a colorant, a heat stabilizer, an antioxidant, afiller and rubber into any 
35 one of the above-mentioned polymers or a mixture Of two or more thereof as needed. 

?0^r thickness of th'e skin 2 in the skin-bearing expansion-molded article 1 f^^^'^'^^^J^^^'^^ZXi 
s meferably 100 urn to 1 0 mm. more preferably 1 00 nm to 7 mm. If the thtekness of the skin is too small, the molded 
articte a Ability that he surface smoothness thereof may be deteriorated to make the surface appearancj 
th^^of p^ If the thic^^ess of the skin 2 is too great, the whole weight of the molded article 1 becomes hea>^. - «^ 
40 its lightweight property is impaired according to the use of the molded article 1 , and ^'^o^/ *«J^^^^^^^ 

the foamed layer may lower in some cases. More specifically, since the polymer layer and the foamed layer are simul- 
tS^eoSSy eS^ a co-extrusion die by a co-extrusion process, the quantity of heat of a molten resin forming 

S poCeXr becomes high when the thfckness of the skin is great, in other words. thickness of the pol^e 
Se? is great, so that the foamed layer is heated by such heat, and the viscosity of the resin forming the foamed layer 
45 is lowered to fail to maintain cells, resulting in lowering of the closed cell content in the 

[0018] The core 3 in the skin-bearing expansion-molded article 1 is fomied by fusion-bonding at leas^ ;PJ« 
nner-side polymer layer 9 of the multi-layer parison 6 to each other. The core 3 is preferably formed so as to gn« a 
hSi oWSast 100 Jim. more preferably 200 pm to 10 mm. particulariy preferably 200 jtm to 7 mm. In order to form 
the corfs 0 as to have^hickness within the above range, it is only necessary to fom, the inner-s.de PO'Ynjer layer 9 
so so i o have a thickness about half the intended thickness of the core 3 when the polymer layer 9 « a no"-^^^^^^^^ 
ZT, When the inner-side polymer layer 9 is a foamed layer on the other hand, it is only necessa^r to control the thick- 
ness o> the po^er layer 9 in view of a thickness decreased by compression upon the molding of the parison 6 so as 
Tgte a thiclZL 2 such a thtekness for the compression added to a thickness about half the thickness of the core 
3 tfbe fo^Jed. AS illustrated in f^g. 1 B. the core 3 in the molded article 1 acconf.ng to the present '"ven^o" may ha^ 
55 a void portion 5 defined due to a portion of the inner-side polymer layer 9 of the multi-layer panson 8 which has not 
be^ f usioi^Sonded to each other. When the core 3 has the void portion 5 in the present invention, the thickness of the 
coi 3 is S^^^^^^^^ total thickness of portions 9a and 9b corresponding to the inner-side polymer layer of the mult.- 
layer parison 6, excluding the thickness of the void portion 5. 
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[0019] Even If the cells In the foamed layer 7 about the fusion-bonded portion of the inner-side polymer layer 9 are 
made open cells in the course of the fusion bonding of the Inner-side polymer layer 9 to each other in the molding of the 
multi-layer parison 6, the polymer layer 9 existing on the inner side of the foamed layer 7 fulfills a rib-like function to have 
an effect of preventing the resulting molded article from shrinking and/or deforming. However, when the thickness of the 
5 inner-side polymer layer 9 in the multi-layer parison 6 is such that the thickness of the core 3 to be formed becomes 
smaller than 1 00 |Lim, the rib-like function by the inner-side polymer layer 9 is lowered, resulting in a possibility that the 
resulting molded article may tend to undergo shrinkage and/or deformation. 

[0020] In the skin-bearing expansion-molded article 1 according to the present invention, the density of the foam 4 
is preferably 20 to 500 kg/m^, more preferably 25 to 400 kg/rrP. If the density of the foam 4 exceeds 500 kg/m^, the light- 
10 weight property and physical properties such as heat insulating property of the molded article may be possibly deteri- 
orated. If the density of the foam 4 is lower than 20 kg/hi^ on the other hand, the cell membrane becomes too thin, so 
that cells are broken to increase open cell portions, resulting in a possibility that the physical properties of the molded 
article may be deteriorated. The thickness of the foam 4 is preferably at least 3 mm, more preferably 4 to 300 mm. 
[0021] The density of the foam 4 in the skin-bearing expansion-molded article 1 can be detemnined in accordance 
IS the following some methods. For example, a method in which the skin 2 and the core 3 are removed from the skin-bear- 
ing expansion-molded article 1 to take out only the foam 4, and the density of the foam 4 thus cut out is detemiined is 
mentioned. Besides, the thicknesses of the skin 2 and the core 3 can be determined from a vertical section of the 
molded article 1. In this case, the measurement may also be conducted by enlarging the section of the molded article 
1 through a microscope as needed, and using an enlarged projection drawing. Incidentally, since the density of the foam 
20 may vary according to the place measured, the density of the foam 4 is determined by selecting a place good in cell 
condition, in which the total thickness of the skin, core and foam in the vertical section of the molded article is at least 
5 mm. The thickness of the foam 4 can be measured from the section of the molded article 1 . In this case, the perpen- 
dicular line length (L in Fig. 4) between the skin and the core is regarded as the thickness of the foam 4. However, the 
thickness of portions of the foam 4 situated at the upper and lower, and right and left peripheries of the expansion- 
's molded article 4 near mold clamps for the parison (X in Rg. 4) naturally becomes small, and so it is preferred that the 
thickness of another main portion than those near the clamps should fall within the above range. 
[0022] The density of the skin-bearing expansion-molded article 1 according to the present invention is generally 
20 to 800 kg/rrP, preferably 25 to 400 kg/m^. If the density of the expansion-molded article 1 exceeds 800 kg/m^, the 
lightweight property and heat insulating property of the molded article may be possibly be deteriorated. If the density of 
30 the molded article 1 is lower than 20 kg/m^ on the other hand, the mechanical properties such as compressive strength 
of the molded article may be possible deteriorated. 

[0023] The density of the skin-bearing expansion-molded article 1 is a value detemnined by measuring its volume 
by, for example, sinking the molded article 1 in water, and dividing the weight of the molded article by this volume. Inci- 
dentally, the volume of the molded article 1 is a volume including the void portion 5 within the molded article 1 . 

35 [0024] Figs. 3 and 4 illustrate how to produce the molded article according to the present invention. In order to pro- 
duce the multi-layer foamed parison 6, for example, base resins for forming the respective layers in the formation of the 
parison are separately melted and kneaded in extruders (not illustrated), and the resultant melts are extruded in a 
lower-pressure zone while causing them to join in a die 1 1 as illustrated in Fig. 3, thereby obtaining the multi-layer pari- 
son 6. An accumulator may be provided between the extruders and the die 1 1 or within the die 1 1 as needed. In order 

40 to form the foamed layer 7 in the multi-layer parison 6, a foaming agent is added to the above-exemplified thermoplastic 
resin upon the melting and kneading of the thennoplastic resin in the extruder. Any of inorganic foaming agents, volatile 
foaming agents and decomposable foaming agents may be used as the foaming agent. In order to obtain a foam having 
a high expansion ratio, however, it is preferable to use an Inorganic foaming agent or volatile foaming agent. Examples 
of the inorganic foaming agent include nitrogen and carbon dioxide. Examples of the volatile foaming agent include 

45 aliphatic hydrocarbons such as propane, n-butane, isobutane, n-pentane, isopentane, n-hexane and isohexane; chlo- 
rinated hydrocarbons such as methyl chloride and ethyl chloride; and fluorinated hydrocarbons such as 1,1,1,2- 
tetrafluoroethane and 1,1-difluoroethane. Examples of the decomposable foaming agent include azodicariDonamide. 
The foaming agent mentioned above may be used in combination of two or more thereof. A decomposable foaming 
agent also having a function as a cell stabilizer may be used in combination with the inorganic foaming agent or volatile 

50 foaming agent. 

[0025] In order to obtain the skin-bearing expansion-molded article 1 according to the present invention from the 
multi-layer foamed parison 6, a pair of split molds 12a, 12b is closed so as to hold the multi-layer foamed parison 6 
formed by the extrusion through the die 11 from its both sides to mold the multi-layer parison 6. When the pair of split 
molds 12a, 12b is closed as illustrated in Fig. 3, the cavity surfaces of the molds 12a, 12b compress the multi-layer 
55 foamed parison 6 to gradually deform it into a flat form. When the closing of the molds 12a, 12b is completed as illus- 
trated in Fig. 4, the parison 6 is surely compressed by the molds 12a, 12b into a flat form to obtain the skin-bearing 
expansion-molded article 1 according to the present invention with at least a part of the inner-side polymer layer of the 
parison 6 fusion-bonded to each other. 
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[0026] In the above-described process, when a pipe 13 for pressure reduction is provided in the nnolds 12a, 12b, as 
illustrated in Fig. 3. to conduct the nnolding while reducing the pressure, the outer surface (outer-side polymer layer 8) 
of the multi-layer parison 6 can be fully brought into close contact with the cavity surfaces of the molds 12a, 12b to 
obtain a molded article 1 having good surface profile. There is also adopted a process comprising closing an open end 
5 of the parison 6 by a parison pinch just after the extrusion of the multi-layer parison 6 through the die 1 1 , blowing air 
into the parison to inflate it and then holding the inflated parison between the molds 12a, 12b as described above, 
thereby molding it. 

[0027] Incidentally, Fig. 3 conceptually illustrates an example of the production of the skin-bearing expansion- 
molded article 1 according to the present invention, and the specific procedure, apparatus and the like for producing the 

10 skin-bearing expansion-molded article 1 according to the present invention are not limited to those illustrated. 

[0028] The skin-bearing expansion-molded article 1 according to the present invention is not limited to that having 
a void portion 5 in the core 3 and may include that the inner-side polymer layers 9a, 9b are completely fusion-bonded 
to each other as illustrated in Fig. 5. When a proportion of the fusion bonding in the core 3 is expressed by an area ratio 
(%) of the fusion-bonded portion, it is preferred from the viewpoint of achieving the intended objects that the area ratio 

15 of the fusion-bonded portion in the core 3 of the molded article 1 according to the present invention be at least 25%, 
preferably at least 60%, particularly preferably 80 to 100%. Incidentally, the area ratio of the fusion-bonded portion 
means a value detemnined in the following manner. 

[0029] A method for determining the area ratio of the fusion-bonded portion will be described on the molded article 
illustrated in Figs. 1A and IB. However, in the molded article illustrated in Fig. 1A, the right and left directions in the 

20 drawing correspond to the extrusion direction of the multi-layer parison. The skin-bearing expansion -molded article 1 is 
first divided into 10 equal pieces at a plane perpendicular to the extrusion direction of the multi-layer parison 6 used for 
producing the molded article. Fig. 1 B illustrates a section of one piece among the 1 0 equal pieces. A length (mm) of a 
portion of the inner-side polymer layer forming the core 3 fusion-bonded to each other in one sectional surface (for 
example, when the right sectional surface is selected, the right sectional surface in alt the cut pieces is selected to 

25 secure unity in selection of sectional surfaces to be measured. Namely, the measurement is conducted on 9 sectional 
suri'aces) of each cut piece of the molded article is then detemnined. A value obtained by doubling this length is 
regarded as a length. L1 (mm) of the fusion-bonded portion. On the other hand, when a part of the inner-side polymer 
layer in the core 3 is not fusion-bonded to each other to fomn a void portion 5. a length of the inner circumferential edge 
of the void portion 5 is regarded as a length, L2 (mm) of the no n -fusion-bonded portion. The length LI of the fusion- 

30 bonded portion and the length L2 of the non-fusion-bonded portion are detemnined as the respective totals of all the 
fusion-bonded portions and all the non-fusion-bonded portions in the sectional surface. The area ratio (%) of the fusion- 
bonded portion is then found by [L1/(L1 + 12)] x 1 00 . Incidentally, in a section in which the inner-side polymer layer is 
fusion-bonded to each other without void, the area ratio naturally amounts to 100%. An arithmetic mean of the area 
ratios of the fusion-bonded portion in the respective sectional surfaces is regarded as the area ratio (%) of the fusion- 

35 bonded portion in the skin-bearing expansion-molded article. 

[0030] The skin-bearing expansion-molded article 1 according to the present Invention is obtained by compression- 
molding the multi-layer foamed parison 6 comprising a foamed layer 7 and polymer layers 8, 9 situated on both outer 
and inner sides of the foamed layer 7 in a mold. When a base material for forming the foamed layer 7 in the multi-layer 
parison 6, and base materials for forming the polymer layers 8, 9 on both outer and inner sides of the foamed layer 7 

40 each have high adhesion property, a skin-bearing expansion-molded arttele 1 obtained from such a multi-layer parison 
6 has merits that the bond strength between a skin 2 and a foam 4. and the foam 4 and a core 3 in the molded article 
becomes high, and so such a molded article can be provided as a molded article having high mechanical strength, and 
that since the foamed layer 7 is fully bonded to the polymer layer 8, the outer-side polymer layer 8 is stretched together 
with the foamed layer 7 upon the molding of the molded article 1, and so the thickness of the polymer layer 8 can be 

45 made evener, and moreover the molded article can be provided as an excellent skin-bearing expansion-molded article 
free of any shrinkage or deformation even when the expansion ratio of the foamed layer 7 of the multi-layer parison 6 is 
made higher. 

[0031] The skin-bearing expansion-molded article 1 according to the present invention can be utilized as a con- 
tainer or a shock-absortDing material for automobile. Rg. 6 is a cross-sectional view illustrating a container composed 

50 of the skin-bearing expansion-molded article 1 according to the present invention. In the molded article 1 illustrated in 
Rg. 6, a core 3 is formed by completely fusion-bonding the Inner-side polymer layers 9a, 9b of a multi-layer foamed pari- 
son 6 to each other, and the parison is molded so as to define a container space 1 4. When the expansion-molded article 
1 according to the present invention is used as a container, the density thereof is controlled to 30 to 400 kg/m^, thereby 
providing a container which is light-weight and excellent in heat insulating property. Besides, the thickness of the skin 2 

55 is controlled to 200 to 3,000 ^im, thereby providing a container having high durability and surface smoothness and well 
balanced between appearance and lightweight property. Further, when a multi-layer parison 6 fonned in such a manner 
that the thickness of the inner-side polymer layer 9 is such that the thickness of the core 3 in the resulting molded article 
1 will amount to at least 1 00 \m is used, a molded article 1 obtained by molding such a muiti-layer parison 6 undergoes 
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only minimal shrinlcage and has excellent mechanical strength against external force. 

[0032] Fig. 7 is a vertical sectional view of an automotive bumper illustrated as a specific example of a shocl<- 
absorbing material for automobile formed of the skin-bearing expansion-molded article 1 according to the present 
invention. The expansion-molded article 1 illustrated in Fig. 7 is obtained by compression-molding the multi-layer 

5 foamed parison 6 into a U-shaped section, and has a core 3 in which the inner-side polymer layers 9a, 9b of the multi- 
layer parison 6 are fusion-bonded to each other at the central portion of the molded article 1 and not fusion-bonded to 
form void portions 5 at both upper and lower side portions. When the skin-bearing expansion-molded article 1 accord- 
ing to the present invention is used as a shock- absorbing material for automobile such as the above-described bumper, 
the density thereof is controlled to 25 to 300 kg/m^, thereby providing a shock-absorbing material which is light-weight 

10 and excellent in energy- absorbing efficiency. . Besides, the thickness of the skin 2 is controlled to 200 to 7,000 \im, 
thereby providing a shock-absorbing material having excellent surface smoothness and impact resistance. Further, 
when the thickness of the core 3 is controlled so as to amount to at least 200 ^m, thereby providing a shock-absorbing 
material having excellent dimensional stability and greatly improved mechanical strength. The volume of the shock- 
absorbing material formed of the molded article according to the present invention is preferably 5»000 cm^ to 400,000 

75 cm^. 

[0033] The present invention will hereinafter be described in more detail by the following Examples. 

Example 1: 

20 [0034] Polypropylene (melt tension: 19 cN) containing a cell stabilizer is fed to an extruder and melted and 
kneaded, and a volatile foaming agent (a mixture containing isobutane and n-butane at a weight ratio of 35:65) in an 
amount shown in Table 1 was forced into the polypropylene from the middle of the extruder and kneaded to prepare a 
foamable melt for forming a foamed layer of a multi-layer parison. On the other hand, in order to fomn polymer layers on 
both outer and inner sides of the multi-layer parison, polypropylene (melt tension: 1 9 cN) was fed to separate extruders 

25 and melted and kneaded to prepare non-foamable melts. The melts melted and kneaded in the respective extruders 
were then charged into separate accumulators. After completion of the charging, the foamable melt for fomning the 
foamed layer of the multi-layer parison, and the non-foamable melts for fonming the inner-side polymer layer and the 
outer-side polymer layer were injected from the respective accumulators to causing them to join in a die, and extruded 
through the die to expand the foamable melt to obtain a multi-layer foamed parison with the polymer layers composed 

30 of the non-foamed resin laminated on both inner and outer surfaces of the foamed layer. 

[0035] The multi-layer parison thus extruded was then compressed by means of such a pair of split molds as illus- 
trated in Fig. 3, and the pressure within the mold was reduced by absorption from pipes 1 3 to bring the multi-layer pari- 
son into close contact with the cavity surfaces of the molds, thereby molding it. Thereafter, the resultant molded article 
was cooled and released from the mold to obtain a skin-bearing expansion-molded article. The molded article thus 

35 obtained had good appearance free of any shrinkage or deformation. The molded article was cut to observe its section. 
As a result, the molded article was found to have a skin formed of the outer-side polymer layer of the multi-layer foamed 
parison at the surface, and a core fomied of the inner-side polymer layer of the multi-layer foamed parison and a foam 
conresponding to the foarfied layer of the multi-layer foamed parison on the inner side of the skin. An area ratio of the 
fusion- bonded portion in the core of this molded article was determined, and the result thereof is shown in Table 1 . Var- 

40 ious physical properties such as the thicknesses of the skin and core of the molded article, and the density of the 
molded article are shown collectively in Table 1 . 

Example 2: 

45 [0036] A multi-layer parison obtained in the same manner as in Example 1 except that low density polyethylene was 
used as a base materia] for the foamed layer, and outer-side and inner-side polymer layers of the multi-layer parison, 
and having non-foamed polymer layers on both inner and outer sides of the foamed layer was molded in the same man- 
ner as in Example 1 . As a result, a molded article having good appearance was obtained. A section of this molded arti- 
cle was observed, and it was found that the inner-side polymer layer of the multi-iayer parison was fusion-bonded to 

50 each other to form a core. Various physical properties such as the thicknesses of the skin and core of the molded article, 
and the density of the molded article are shown collectively in Table 1 . 

Example 3: 

55 [0037] A multi-layer parison obtained in the same manner as in Example 1 except that polypropylene (melt tension: 
1 9 cN) was used as a base material for the foamed layer and inner-side polymer layer of the multi-layer parison, and a 
thermoplastic olefin elastomer was used as a base material for the outer-side polymer layer, and having non-foamed 
polymer layers on both inner and outer sides of the foamed layer was molded in the same manner as in Example 1 . As 
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a result, a molded article having good appearance was obtained. A section of this molded article was observed, and it 
was found that the inner-side polymer layer of the multi-layer parison was fusion-bonded to each other to fomn a core. 
Various physical properties such as the thicknesses of the skin and core of the molded article, and the density of the 
molded article are shown collectively in Table 1 . 

5 

Example 4: 

[0038] A mutti-tayer parison obtained in the same manner as in Example 1 except that polystyrene was used as a 
base material for the foamed layer of the multi-layer parison, high-impact polystyrene was used as a base material for 

10 the outer-side and inner-side polymer layers of the multi-layer parison, and isobutane was used as a foaming agent for 
fomning the foamed layer, and having non-foamed polymer layers on both inner and outer sides of the foamed layer was 
molded in the same manner as in Example 1. As a result, a molded article having good appearance was obtained. A 
section of this molded article was observed, and it was found that the inner-side polymer layer of the multi-layer parison 
was fusion-bonded to each other to form a core. Various physical properties such as the thicknesses of the skin and 

75 core of the molded article, and the density of the molded article are shown collectively in Table 1 . 

Example 5: 

[0039] A multi-layer parison obtained in the same manner as in Example 1 except that polystyrene was used as a 
20 base material for the foamed layer of the multi-layer parison, a mixture containing high-impact polystyrene and a sty- 
rene elastomer at a weight ratio of 70/30 was used as a base material for the outer-side polymer layer of the multi-layer 
parison, high-impact polystyrene was used as a base material for the inner-side polymer layer, and isobutane was used 
as a foaming agent for forming the foamed layer, and having non-foamed polymer layers on both inner and outer sides 
of the foamed layer was molded in the same manner as in Example 1 . As a result, a molded article having good appear- 
25 ance was obtained. A section of this molded article was observed, and it was found that the inner-side polymer layer of 
the multi-layer parison was fusion-bonded to each other to form a core. Various physical properties such as the thick- 
nesses of the skin and core of the molded article, and the density of the molded article are shown collectively in Table 1 . 

Example 6: 

30 

[0040] A multi-layer parison obtained in the same manner as in Example 1 except that polystyrene was used as a 
base material for the foamed layer of the multi-layer parison, a mixture containing low density polyethylene, polystyrene 
and a styrene elastomer at a weight ratio of 65.5/35.5/9 was used as a base material for the outer-side polymer layer 
of the multi-layer parison, high-impact polystyrene was used as a base material for the inner-side polymer layer, and 

35 isobutane was used as a foaming agent for fomning the foamed layer, and having non-foamed polymer layers on both 
inner and outer sides of the foamed layer was molded in the same manner as in Example 1 . As a result, a molded article 
having good appearance was obtained. A section of this molded article was observed, and it was found that the inner- 
side polymer layer of the multi-layer parison was fusion-bonded to each other to form a core. Various physical properties 
such as the thicknesses of the skin and core of the molded article, and the density of the molded article are shown col- 

40 lectively in Table 1 . 

Example 7: 

[0041] A multi-layer parison obtained in the same manner as in Example 1 except that polystyrene was used as a 
45 base material for the foamed layer of the multi-layer parison, high-impact polystyrene was used as a base material for 
the outer-side and inner-side polymer layers of the muiti-layer parison, and isopentane was used as a foaming agent 
for forming the foamed layer, and having non-foamed polymer layers on both inner and outer sides of the foamed layer 
was molded in the same manner as in Example 1. As a result, a molded article having good appearance was obtained. 
A section of this molded article was observed, and it was found that the inner-side polymer layer of the multi-layer pari- 
50 son was fusion-bonded to each other to fomn a core. Various physical properties such as the thicknesses of the skin 
and core of the molded article, and the density of the molded article are shown collectively in Table 1 . 

Example 8: 

55 [0042] A mutti-layer parison obtained in the same manner as in Example 1 except that polystyrene was used as a 
base materia! for the foamed layer of the multi-layer parison, a styrene elastomer was used as a base material for the 
outer-side polymer layer of the multi-layer parison, a mixture containing high-impact polystyrene, polystyrene and a sty- 
rene elastomer at a weight ratio of 1 0/47/43 was used as a base material for the inner-side polymer layer, and isobutane 
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was used as a foaming agent for fonning the foamed layer, and having non-foamed polymer layers on both Inner and 
outer sides of the foamed layer was molded in the same manner as in Example 1 . As a result, a molded article having 
good appearance was obtained. A section of this molded article was observed, and it was found that the Inner-side pol- 
ymer layer of the multi-layer parison was fusion-bonded to each other to fomn a core. Various physical properties such 
5 as the thicknesses of the skin and core of the molded article, and the density of the molded article are shown collec- 
tively in Table 1. 

Example 9: 

10 [0043] A multi-layer parison obtained in the same manner as in Example 1 except that polystyrene was used as a 
base material for the foamed layer of the multi-layer parison, high-impact polystyrene was used as a base material for 
the outer-side and inner-side polymer layers of the multi-layer parison, and n-pentane was used as a foaming agent for 
forming the foamed layer, and having non-foamed polymer layers on both inner and outer sides of the foamed layer was 
molded in the same manner as in Example 1 . As a result, a molded article having good appearance was obtained. A 

IS section of this molded article was observed, and it was found that the inner-side polymer layer of the multi-layer parison 
was fusion-bonded to each other to form a core. Various physical properties such as the thicknesses of the skin and 
core of the molded article, and the density of the molded article are shown collectively in Table 1. 

Example 10: 

20 

[0044] A multi-layer parison obtained in the same manner as in Example 1 except that polypropylene (melt tension: 
22 cN) was used as a base material for the foamed layer of the multi-layer parison, polypropylene (melt tension: 8.5 cN) 
was used as a base material for the outer-side polymer layer of the multi-layer parison, polypropylene (melt tension: 22 
cN) was used as a base material for the Inner-side polymer layer, and isobutane was used as a foaming agent for form- 

25 ing the foamed layer, and having non-foamed polymer layers on both inner and outer sides of the foamed layer was 
molded in the same manner as in Example 1 to obtain a molded article in the fonm of a bumper having a shape illus- 
trated in Fig, 8 in a section perpendicular to the extrusion direction. This molded article had good appearance. A section 
of this molded article was observed, and it was found that the inner-side polymer layer of the multi-layer parison was 
partially fusion-bonded to each other to form a core. Various physical properties such as the thicknesses of the skin and 

30 core of the molded article, and the density of the molded artble are shown collectively in Table 1 . 

Comparative Example 1 : 

[0045] Polypropylene containing a cell stabilizer is fed to an extruder, and butane as a volatile foaming agent was 
35 forced in an amount shown in Table 1 into the resin from the middle of the extruder and kneaded to prepare a foamable 
melt for forming a foamed layer of a multi-layer parison. On the other hand, in order to form polymer layers on the outer- 
side of the multi-layer parison, polypropylene which will become an outer-side polymer of the multi-layer parison was 
fed to an extruder and melted and kneaded to prepare a non-foamable melt. The melts melted and kneaded in the 
respective extruders were then charged into separate accumulators. The foamable melt for forming the foamed layer of 
40 the multi-layer parison, and the non-foamable melt for forming the outer-side polymer layer were injected from the 
respective accumulators to causing them to join in a die, and extruded through the die to expand the foamable melt to 
obtain a multi-layer foamed parison with the polymer layer composed of the non-foamed resin laminated only on the 
outer surface of the foamed layer. 

[0046] The multi-layer parison thus extruded was then compressed by means of such a pair of split molds as illus- 
45 trated in Fig. 3, and the pressure within the mold was reduced by absorption from pipes 1 3 to bring the multi-layer pari- 
son into close contact with the cavity surfaces of the molds, thereby molding it. Thereafter, the resultant molded article 
was cooled and released from the mold to obtain a skin- bearing expansion-molded article. The molded article thus 
obtained was observed undergoing shrinkage and deformation. The molded article was cut to observe its section. As 
a result, it was found that the foamed layer of the multi-layer foamed parison was fusion-bonded to each other at its 
so inner surface, and the cells in the foamed layer at the fusion-bonded portion were broken. Various physical properties 
such as the thicknesses of the skin of the molded article, and the density of the molded article are shown collectively in 
Table 1. 

Comparative Example 2: 

55 

[0047] A multi-layer parison obtained in the same manner as in comparative Example 1 except that polystyrene was 
used as a base material for the foamed layer of the multi-layer parison, high-impact polystyrene was used as a base 
material for the outer-side polymer layer of the parison, and isobutane was used as a foaming agent for forming the 
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foamed layer, and having a non-foamed polymer layer only on the outer side of the foamed '^y^^^^f^";^°'^^^ '"^^^^^ 
same manner as in Comparative Example 1 . A molded article thus obtained had good appearance, but had vacant por- 
i ^s be"^^^^^ the Skin and the foamed layer as well as the interior of the foamed l^er. W|-n^^^^^^^^^^^ 
article corresponding to the vacant portion was pushed from the outside, it was easily buckled and defomied^ section 
ofThe ZZ article was observed. As a resurt. it was found that the foamed layer of the mum-layer foamed parison 
Is foSon- bonded to each other at its inner surface, and the cells in the foaryed '-y^^/^^^.^-'-^^ 
were broken. Various physical properties such as the thicknesses of the skin of the molded article, and the density of 
the molded article are shown collectively in Table 1. 
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[0048] In Table 1 , the abbreviations of the l<inds of the base resins are as follows: 
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PP: polypropylene; LDPE: low density polyethylene; TPO: themnoplastic polypropylene elastomer; HOPE: high 
density polyethylene; SBS: styrene-butadiene-styrene block copolymer; SEBS: hydrogenated product of styrene- 
butadiene-styrene bloclc copolymer; and HIPS: high-impact polystyrene. 

5 [0049] As described above, the skin-bearing expansion-molded articles according to the present invention are 
excellent in lightweight property, mechanical strength, heat insulating property, cushioning property, damping property, 
etc. The various physical properties of the skin-bearing expansion-molded article can be suitably controlled according 
to the purpose thereof by selecting or adjusting the materials or thicknesses of the outer-side polymer layer of the multi- 
layer foamed parison, which will become the skin of the skin-bearing expansion-molded article according to the present 

10 invention, the inner-side polymer layer of the multi-layer parison. which will become the core, and the foamed layer of 
the multi-layer parison, which will become the foam, the density of the foamed layer, etc. Further, since the core is 
formed in the interior of the resulting skin-bearing expansion-molded article by fusion-bonding at least a part of the 
inner-side polymer layer to each other when the multi-layer parison having polymer layers on both inner and outer sides 
of the foamed layer polymer layers Is molded to obtain the molded article according to the present invention, shrinkage 

15 and defonnation in the molded article can be prevented. The skin-bearing expansion-molded articles according to the 
present invention can be utilized as light-weight heat insulating panels for floor, door or the like, pallets, containers, 
structural members for automobile, such as pillars, bumpers, instrument panels, spoilers, fenders, side steps, door 
trims, grille guards and trunk boards, desks, chairs, floats, surfboards, etc. 

20 Claims 

1. A skin-bearing expansion-molded article of a themnoplastic resin, which is fomied by holding a cylindrical multi- 
layer foamed parison comprising a foamed themnoplastic resin layer and themnoplastic polymer layers situated on 
both outer and inner sides of the foamed layer in a mold to compressionnnold it, wherein the molded article has a 

25 skin formed of the outer-side polymer layer of the multi-layer foamed parison on the surface thereof, and on the 
inner side of the skin, a core fomned by fusion-bonding at least a part of the inner-side polymer layer of the multi- 
layer foamed parison to each other and a foam fomned of the foamed layer of the multi-layer foamed parison. 

2. The skin-bearing expansion-molded article of the themnoplastic resin according to Claim 1 , wherein the thickness 
30 of the skin is 1 00 jim to 1 0 mm, and the thickness of the core is at least 1 00 pm. 

3- The skin-bearing expansion-molded article of the thermoplastic resin according to Claim 1 , wherein the density of 
the molded article Is 20 to 800 kg/m^. 

35 4. The skin-bearing expansion-molded article of the thermoplastic resin according to Claim 1 . wherein the area ratio 
of the fusion-bonded portion in the core is at least 25%. 

5. The skin-bearing expansion-molded article of the thermoplastic resin according to Claim 1 , wherein the area ratio 
of the fusion-bonded portion in the core is at least 60%. 

40 

6. The skin-bearing expansion-molded article of the thermoplastic resin according to Claim 1 , wherein the area ratio 
of the fusion-bonded portion in the core is 80 to 1 00%. 

7. The skin-bearing expansion-molded article of the themnoplastic resin accoreiing to Claim 1 , wherein the foam, skin 
45 and core are each formed of a polyolefin resin. 

8. The skin-bearing expansion-molded article of the themnoplastic resin according to Claim 1 , wherein the foam, skin 
and core are each fomned of a polypropylene resin having a melt tension of 5 to 30 cN. 

50 9. The skin-bearing expansion-molded article of the thermoplastic resin according to Claim 1 , wherein the themno- 
plastic polymer fonning the skin is at least one selected from among olefin elastomers, styrene elastomers and 
high-Impact polystyrene. 

10. A container formed of the skin-bearing expansion-molded article of the themnoplastic resin according to Claim 1 
55 and having a density of 30 to 400 kgfrnP, a skin thickness of 200 \xm to 3 mm and a core thickness of at least 1 00 

\im. 

11. A shock-absorbing material for automobile formed of the skin-bearing expansion-molded article of the thenmoplas- 
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tic resin according to Claim 1 and having a density of 25 to 300 kQfrrr, a skin thickness of 200 jim to 7 mm and a 
core thickness of at least 200 jim. 

12. A structural member for automobile formed of the skin-bearing expansion-molded article of the thermoplastic resin 
5 according to Claim 1 . 

13. The structural member for automobile according to Claim 1 2, which is a member selected from among a bumper, 
pillar, instrument panel, spoiler, fender, side step, door trim, grille guard and trunk board. 
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